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$UFWLLG PRWK VSHFLHV RI WKH 1HRWURSLFDO JHQXV
Phoenicoprocta 'UXFH DUH GLVWULEXWHG ZLWKLQ WKH
&DULEEHDQ UHJLRQ LQ WKH LVODQGV RI 6W 7RPDV
%DKDPDV 3XHUWR 5LFR -DPDLFD 9LUJLQ ,VODQGV
+DLWL 6W &URL[ DQG &XED 2I WKH  VSHFLHV RI WKLV
JHQXV UHSRUWHG IRU WKH &DULEEHDQ Phoenicoprocta
capistrata )DEULFLXV KDV WKH ZLGHVW GLVWULEXWLRQ
DQG RFFXUV LQ %UD]LO &XED 6W 7RPDV 6W &URL[
DQG 3XHUWR 5LFR )RUEHV  VWDWHG WKDW VRPH
VSHFLHV RI WKLV JHQXV DUH H[WUDRUGLQDULO\ YDULDEOH
Phoenicoprocta capistrata LV QRW DQ H[FHSWLRQ
DGXOWV RI WKLV VSHFLHV KDYH D KLJKO\ FRORXUHG ERG\
DQG WKHUH DUH WZR IHPDOH FRORXU PRUSKV RQH
RUDQJHUHGGLVK DQG WKH RWKHU PHWDOOLF EOXH 7KH
ODWWHU LV OHVV FRPPRQ DQG IRUPHUO\ QDPHG P.
capistrata YDU eximia +HUULFK6KlIIHU :H KDYH
QRW IRXQG LQIRUPDWLRQ LQ WKH OLWHUDWXUH DERXW WKH
LPPDWXUH VWDJHV OLIH F\FOH DQG KRVW SODQWV RI P.
capistrata ,Q WKH SUHVHQW VWXG\ ZH GHVFULEH WKH
LPPDWXUH VWDJHV RI P. capistrata DQG LWV OLIH F\FOH




P. capistrata ODUYDH ZHUH ILUVW FROOHFWHG RQ S.
diversifolia LQ PLG1RYHPEHU RI  DW WKH WRZQ
³/D 6DOXG´ /D +DEDQD &XED ORFDWHG DW  ᓉ
ᓊ ODWLWXGH DQG ï ᓉ ᓊ ORQJLWXGH /DUYDH
ZHUH UHDUHG LQ FDSWLYLW\ DW WKH )DFXOWDG GH
%LRORJtD GH OD 8QLYHUVLGDG GH /D +DEDQD XQGHU
QDWXUDO SKRWRSHULRG UHODWLYH KXPLGLW\ DQG
WHPSHUDWXUH :KHQ DGXOWV HPHUJHG WKHLU
LGHQWLILFDWLRQ ZDV FKHFNHG XVLQJ WKH RULJLQDO
GHVFULSWLRQ RI )DEULFLXV  DQG DGXOW YRXFKHU
VSHFLPHQV ZHUH SODFHG LQ WKH ,QVHFW &ROOHFWLRQ DW
WKH )DFXOWDG GH %LRORJtD GH OD 8QLYHUVLGDG GH /D
+DEDQD $GXOWV ZHUH SODFHG WRJHWKHU IRU PDWLQJ
LQ F\OLQGULFDO SODVWLF FRQWDLQHUV  FP KHLJKW é
 FP GLDPHWHU ZLWK JDX]H DV OLG DQG ZHUH
SURYLGHG ZLWK IUHVK VDWXUDWHG VXFURVH VROXWLRQ
)HPDOHV ZHUH LVRODWHG DIWHU WKH ILUVW FRSXODWLRQ
DQGHJJVODLGZHUHXVHGIRUIXUWKHUDQDO\VLV
1HZO\ KDWFKHG ODUYDH ZHUH SODFHG LQ SODVWLF
GLVKHV  é  PP XQWLO WKH\ UHDFKHG VXIILFLHQW
VL]H WR EH UHDUHG LQ JODVV 3HWULH GLVKHV  é 
PP 7KH\ ZHUH SURYLGHG ZLWK IUHVK KRVW SODQW
OHDYHV GDLO\ XQWLO WKH ODUYDO VWDJH ILQLVKHG /DUYDH
WKDW KDWFKHG DW WKH VDPH GD\ ZHUH UHDUHG LQ
JURXSV RI XS WR  ODUYDH :KHQ D ODUYD VKRZHG
GHV\QFKURQLVHG GHYHORSPHQW LQ UHODWLRQ WR WKH
UHVW LW ZDV LVRODWHG LQ D GLIIHUHQW FRQWDLQHU LQ
RUGHU WR VWXG\ WKH LQGLYLGXDO YDULDWLRQV LQ VWDJH
GXUDWLRQ 7KH SURJHQ\ RI LQGLYLGXDO IHPDOHV ZHUH
PDUNHG DQG UHDUHG LQ VHSDUDWH GLVKHV WR DQDO\]H
WKH IHPDOH PRUSK IUHTXHQF\ LQ WKH GHVFHQGDQWV
:H REWDLQHG RQH FRPSOHWH ODERUDWRU\ FRKRUW IURP
'HFHPEHU  WR )HEUXDU\  0LQLPXP
GDLO\ WHPSHUDWXUH IOXFWXDWHG EHWZHHQ & DQG
& DQG WKH UHODWLYH KXPLGLW\ YDULHG IURP 
WR  %RWK DELRWLF YDULDEOHV ZHUH PHDVXUHG
XVLQJ D SV\FKURPHWHU ZLWK D SUHFLVLRQ RI XS WR 
&
Life cycle
(JJV REWDLQHG IURP WKH ODERUDWRU\ FRORQ\ ZHUH
REVHUYHG GDLO\ WR GHWHUPLQH WKH GXUDWLRQ RI WKLV
VWDJH 7KH SURSRUWLRQ RI LQIHUWLOH HJJV ZDV DOVR
UHFRUGHG
7R HVWDEOLVK WKH GXUDWLRQ RI WKH GLIIHUHQW ODUYDO
LQVWDUV FRQWDLQHUV ZLWK ODUYDH ZHUH GDLO\ FKHFNHG
IRU ODUYDO KHDG FDSVXOH H[XYLDH ZKLFK LQGLFDWH
PRXOWLQJ 7KH ZLGWK RI WKH KHDG FDSVXOH H[XYLD
ZDV PHDVXUHG XVLQJ DQ RFXODU PLFURPHWHU
DWWDFKHG WR DQ 2O\PSXV  VWHUHRPLFURVFRSH
ZLWK D SUHFLVLRQ RI  ƫP SHU GLYLVLRQ :H XVH WKH
ZLGWK RI WKH KHDG FDSVXOH H[XYLD DV DQ HTXLYDOHQW
RI WKH KHDG ZLGWK LQ FDWHUSLOODUV DV ZH QRWLFHG WKDW
WKHVH ODUYDH GR QRW GHIRUP WKH KHDG FDSVXOH ZKHQ
PRXOWLQJ H[FHSW LQ WKH ODUYDOSXSDO PRXOW )RU
WKDW UHDVRQ ZH PHDVXUHG WKH KHDG FDSVXOH ZLGWK
RI WKH ODVW LQVWDU GLUHFWO\ RQ WKH ODUYDH 7KLV
YDULDEOH ZDV XVHG DV D OLQHDU PHDVXUHPHQW RI VL]H
LQ ODUYDH DQG LW ZDV XVHG WR WHVW '\DU¶V UXOH LQ WKLV
PRWK VSHFLHV '\DU¶V UXOH '\DU  VWDWHV WKDW
ODUYDO JURZWK SURJUHVVHV JHRPHWULFDOO\ DQG E\ D
UHODWLYHO\ FRQVWDQW IDFWRU '\DU¶V UXOH SUHGLFWV WKDW
D OLQHDU PHDVXUH RI VL]H LQFUHDVHV E\ D FRQVWDQW
IDFWRU IURP RQH LQVWDU WR WKH QH[W $FFRUGLQJ WR
'\DU¶V UXOH D VWURQJ OLQHDU UHODWLRQVKLS LV
SUHGLFWHG EHWZHHQ WKH ORJ RI D OLQHDU
PHDVXUHPHQWRIVL]HDQGLQVWDUQXPEHU
/DUYDH WKDW SXSDWHG WKH VDPH GD\ ZHUH SODFHG
WRJHWKHU IRU VWXG\LQJ WKH GXUDWLRQ RI WKH SXSDO
VWDJH $W HPHUJHQFH WKH VH[ DQG FRORXU PRUSK RI
WKH DGXOWV ZDV UHFRUGHG IRU GHWHFWLQJ SRVVLEOH
GLIIHUHQFHV LQ WKH SXSDO VWDJH GXUDWLRQ UHODWHG
ZLWKVH[
)RU IHPDOHV WKDW FRSXODWHG RQO\ RQFH LQ WKHLU OLIH
ZH H[DPLQHG WKH IROORZLQJ FKDUDFWHULVWLFV RI WKH
RYLSRVLWLRQ QXPEHU RI GD\V ODSVHG EHWZHHQ
PDWLQJ DQG WKH ILUVW RYLSRVLWLRQ QXPEHU RI GD\V
GHGLFDWHG WR RYLSRVLWLRQ HYHQWV DQG WRWDO QXPEHU
RI HJJV ODLG SHU LQGLYLGXDO LQ WKH ZKROH RYLSRVLWLRQ
SHULRG
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)RU DQDO\VLQJ WKH GLPHQVLRQ DQG IRUP RI WKH HJJV
WZR EDVH GLDPHWHUV DQG KHLJKW ZHUH PHDVXUHG
XVLQJ WKH VDPH RFXODU PLFURPHWHU DWWDFKHG WR WKH
2/<0386 VWHUHRPLFURVFRSH PHQWLRQHG EHIRUH
EXW XVLQJ D SUHFLVLRQ RI  ƫP SHU GLYLVLRQ
6XUIDFH UHOLHI DQG PLFURSLODU GHWDLOV ZHUH
SKRWRJUDSKHG DQG SURFHVVHG XVLQJ WKH V\VWHP RI
GLJLWDO FDPHUDV RI D 'LJLWDO 0RWLF '0%
PLFURVFRSH 0RWLF 7DFKORYLFH &= ZLWK D
PDJQLILFDWLRQ RI  é FRXSOHG WR D FRPSXWHU
UXQQLQJ WKH GLJLWDO LPDJH VRIWZDUH 0RWLF ,PDJH
YHUVLRQIRU:LQGRZV
$V ODUYDH PD\ KDYH   RU  LQVWDUV ZH GHFLGHG WR
GHVFULEH ODUYDO VWDJHV RI WKRVH ODUYDH ZLWK 
LQVWDUV ZKLFK ZHUH  RI WKH  ODUYDH ZKRVH
OLIHF\FOHZDVVWXGLHG
0RUSKRORJLFDO WHUPLQRORJ\ IROORZV WKDW XVHG E\
6WHKU  DQG 6FREOH  3KRWRJUDSKV RI
ODUYDH SXSDH DQG DGXOWV ZHUH WDNHQ ZLWK WKH
PDFUR PRGH RI D &DVLR 49  PHJDSL[HOV
GLJLWDO FDPHUD &DVLR 7RN\R -DSDQ DOWKRXJK
GHWDLOHG SKRWRJUDSKV ZHUH WDNHQ XVLQJ WKH
PDJQLILFDWLRQ RI XS WR ; RI D VWHUHRPLFURVFRSH
FRXSOLQJ WKH OHQV RI WKH FDPHUD GLUHFWO\ WR WKH
RFXODURIWKHPLFURVFRSH
7KH OHQJWK RI LQGLYLGXDOV DIWHU KDWFKLQJ DV ZHOO DV
WKH PD[LPXP OHQJWK RI QG LQVWDU ODUYDH ZDV
PHDVXUHG XVLQJ WKH VDPH RFXODU PLFURPHWHU
DWWDFKHG WR WKH 2O\PSXV VWHUHRPLFURVFRSH
KWWSPLFURVFRSHRO\PSXVFRP ZLWK D
SUHFLVLRQ RI  ƫP SHU GLYLVLRQ 7KH PD[LPXP
OHQJWK RI WKH ODUYDH IURP WKLUG WR VHYHQWK LQVWDU
ZDV PHDVXUHG XVLQJ D UXOH ZLWK D SUHFLVLRQ RI 
PP 3XSDO ZHLJKW ZDV PHDVXUHG XVLQJ DQ
DQDO\WLFDO VFDOH 0HWWOHU + 0HWWOHU7ROHGR
KWWSXVPWFRP ZLWK D SUHFLVLRQ RI  PJ
3XSDO OHQJWK DQG ZLGWK ZHUH PHDVXUHG XVLQJ D
UXOHZLWKDSUHFLVLRQRIPP
)RU DOO ODUYDO LQVWDUV RQH VSHFLPHQ ZDV NLOOHG LQ
ERLOLQJ ZDWHU DQG SUHVHUYHG LQ  DOFRKRO ZLWK
LWV FRUUHVSRQGLQJ KHDG FDSVXOH LQ WKH
(QWRPRORJLFDO &ROOHFWLRQ DW WKH )DFXOWDG GH
%LRORJtD GH OD 8QLYHUVLGDG GH /D +DEDQD 2QH
SXSDO VSHFLPHQ FRFRRQV DQG DGXOWV RI ERWK VH[HV
DQG FRORXU PRUSK ZHUH DOVR GHSRVLWHG LQ WKLV
FROOHFWLRQ
Statistical analysis
6WDWLVWLFDO DQDO\VHV ZHUH SHUIRUPHG XVLQJ
67$7,67,&$  IRU :LQGRZV 9DULDEOHV ZHUH
VXEMHFWHG WR 6KDSLUR:LONV¶ W WHVW IRU QRUPDOLW\
DQG /HYHQH WHVW IRU YDULDQFH KRPRJHQHLW\ $OPRVW
DOO FRPSDULVRQV ZHUH SHUIRUPHG XVLQJ WKH
0DQQ:KLWQH\ WZRWDLOHG QRQSDUDPHWULF WHVW
VLQFH DOPRVW DOO WKH YDULDEOHV GR QRW IROORZ D
QRUPDO GLVWULEXWLRQ 7KH SDUDPHWULF WWHVW ZDV
XVHG WR FRPSDUH WZR EDVH GLDPHWHUV RI WKH HJJ
7KH UHJUHVVLRQ OLQH HTXDWLRQV RI WKH ORJ FHSKDOLF
FDSVXOH ZLGWK YHUVXV LQVWDU QXPEHU ZHUH
GHWHUPLQHG XVLQJ D VLPSOH OLQHDU UHJUHVVLRQ
DQDO\VLV 7KH VLPSOH OLQHDU UHJUHVVLRQ DQDO\VLV
DQG WKH DQDO\VLV RI FRYDULDQFH ZHUH DOVR
SHUIRUPHG XVLQJ *UDSK3DG 3ULVP 




,Q WKH ILHOG WKH FDWHUSLOODUV ZHUH IRXQG IHHGLQJ RQ
WKH 1HRWURSLFDO IRZOVIRRW S. diverifolia -DFT
5DGON 6DSLQGDOHV 6DSLQGDFHDH )LUVW LQVWDU
ODUYDH IHHG RQ WKH HSLGHUPLV RI \RXQJ IUHVK OHDYHV
ZKLOH WKH UHVW RI WKH ODUYDH IHHG RQ PDWXUH OHDYHV
EXWQRWRQLWVYHLQV
Life Cycle
8QGHU ODERUDWRU\ FRQGLWLRQV HJJV ILQLVKHG WKHLU
GHYHORSPHQW RQ WKH WK GD\ DIWHU RYLSRVLWLRQ
ODUYDH EHJLQ WR SUHSXSDWH DERXW  GD\V DIWHU
KDWFKLQJ DQG SXSDH HQGHG WKHLU GHYHORSPHQW
DERXWGD\VODWHU)LJXUH
0RVW RI WKH  ODUYDH GHYHORSHG WKURXJK  LQVWDUV
GHILQHG DV 7\SH , ODUYDH Q    RU  LQVWDUV
GHILQHG DV 7\SH ,, ODUYDH Q    +RZHYHU
WKHUH ZDV QR GLIIHUHQFH LQ WRWDO GHYHORSPHQWDO
WLPH EHWZHHQ WKHP S    GXH WR VWDWLVWLFDOO\
VLJQLILFDQW GLIIHUHQFHV LQ WKH GXUDWLRQ RI WKH WK S
   DQG WKH WK LQVWDUV S    RI
ERWK W\SHV RI ODUYDH )LJXUH  7KHUH ZHUH QR
VLJQLILFDQW VWDWLVWLFDO GLIIHUHQFHV LQ GXUDWLRQ RI WKH
VW QG UG RU WK LQVWDUV RI ERWK W\SHV RI ODUYDH S
! 7KUHH ODUYDH RI  GHYHORSHG WKURXJK 
LQVWDUV ZKLFK ZDV D UDUH FRQGLWLRQ LQ WKLV FRKRUW
DQGWKH\ZHUHQRWLQFOXGHGLQWKHDQDO\VLV
7KH FHSKDOLF FDSVXOH ZLGWK RI ODUYDH 7\SH , DQG ,,
)LJXUH  GLG QRW GLIIHU LQ WKH VW QG DQG WKHLU
UHVSHFWLYH ODVW LQVWDU S ! EXW GLG GLIIHU LQ
WKH UHVW RI WKH LQVWDUV 7KH GLIIHUHQFH LQ WKH
FHSKDOLF FDSVXOH ZLGWK RI WKH WKLUG LQVWDU ZDV
VLJQLILFDQW S    DQG UHSUHVHQWV WKH ILUVW
VLJQ RI FKDQJH LQ WKH GHYHORSPHQWDO SDWKZD\ RI
ERWK W\SHV RI ODUYDH 7KLV GLIIHUHQFH LV VWURQJ DQG
PRUH UREXVW LQ WKH IRXUWK ILIWK DQG VL[WK LQVWDUV
S
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9RO_$UWLFOH Figure 1&KDUDFWHULVWLFGXUDWLRQRIWKHGLIIHUHQWLPPDWXUHVWDJHVRI Phoenicoprocta capistrata H[SUHVVHGDVWKH
PHGLDQYDOXHRIHJJVODUYDHDQGSXSDH7KHDQGSHUFHQWLOVDQGWKHPLQLPXPDQGPD[LPXP
YDOXHVDUHVKRZQ
&RQVLGHULQJ WKH FKDQJH RI FHSKDOLF FDSVXOH ZLGWK
ODUYDO JURZWK RI P. capistrata VHHPV WR IROORZ D
JHRPHWULF SDWWHUQ FRQVLVWHQW ZLWK '\DU¶V UXOH
'\DU  RQ WKH EDVH RI WKH JURZWK RI FHSKDOLF
FDSVXOH ZLGWK 7KH UHJUHVVLRQ OLQHV IRU ERWK W\SHV
RI ODUYDH KDYH D KLJK GHWHUPLQDWLRQ FRHIILFLHQW
DQG WKH FXUYHV KDYH VWDWLVWLFDOO\ GLIIHUHQW VORSHV
)    S    7KH UHJUHVVLRQ OLQH
HTXDWLRQ IRU 7\SH , ODUYDH ZDV \   ï  
[ 5    DQG IRU 7\SH ,, ODUYDH LW
ZDV\ ï[5  
/DUYDH VWD\ LQ WKH SUHSXSDO ZDQGHULQJ VWDJH IRU
DERXW  GD\V DQG WKHQ HQWHU WKH SXSDO VWDJH 7KH
SXSDH ZHLJKHG    PJ Q    DQG KDG D
PD[LPDO ZLGWK RI    PP Q    DQG D













OHQJWK RI    PP Q    7KHUH LV D
VWDWLVWLFDOO\ VLJQLILFDQW GLIIHUHQFH LQ WKH GXUDWLRQ
RI SXSDO VWDJH EHWZHHQ VH[HV S  IHPDOHV
KDG D VKRUWHU GXUDWLRQ    GD\V Q    WKDQ
PDOHV    GD\V Q    3XSDO PRUWDOLW\ ZDV
DERXWRIWKHSXSDHVWXGLHG
$GXOW HFORVLRQ RFFXUHG DQ\ WLPH EHWZHHQ  DQG 
KRXUV EHIRUH VXQVHW 0DWLQJ RFFXUV DW GXVN $OO
IHPDOHV Q    HQJDJH LQ FDOOLQJ SRVLWLRQ WKH
VDPH GD\ RI WKHLU HPHUJHQFH DQG  PLQXWHV
EHIRUH VXQVHW )HPDOHV PRUH WKDQ RQH GD\ ROG
DOZD\V VKRZHG WKH FDOOLQJ SRVLWLRQ DQ\WLPH
EHWZHHQ  DQG  PLQXWHV EHIRUH VXQVHW Q   
&RSXODWLRQ RFFXUHG LQ WKH WLPH VSDQ EHWZHHQ 
PLQXWHV EHIRUH WR  PLQXWHV DIWHU VXQVHW Q  
 DQG  RI WKHP RFFXUUHG LQ WKH SHULRG RI 
 PLQXWHV RI VXQVHW 3DLUV UHPDLQ LQ FRSXOD IRU
   PLQ Q    )HPDOHV EHJDQ WR RYLSRVLW
WKH GD\ DIWHU FRSXODWLRQ RFFXUUHG DQG FRXOG
RYLSRVLW GXULQJ HDFK RI WKH QH[W  GD\V EXW PRVW
RI WKH HJJV ZHUH ODLG GXULQJ WKH ILUVW WZR GD\V
Figure 4 Phoenicoprocta capistrata DGXOWV$0DOH%)HPDOHUHGGLVKPRUSK&)HPDOHEOXHPRUSK7KHVFDOH
EDUVUHSUHVHQWVPP
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UHSUHVHQWVƫP
DIWHU PDWLQJ 7KH WRWDO QXPEHU RI HJJV ODLG E\ D
IHPDOH DIWHU FRSXODWLRQ DYHUDJHG    HJJV Q  
 7KH QXPEHU RI QRQIHUWLOLVHG HJJV SHU IHPDOH
YDULHVIURPWRQ IHPDOHV
P. capistrata LV D VSHFLHV ZLWK WZR IHPDOH FRORU
PRUSKV WKH RUDQJHUHGGLVK PRUSK ZDV VLPLODU WR
WKH PDOH DQG WKH EOXH PRUSK ZDV FRPSOHWHO\
GLIIHUHQW IURP WKH PDOH )LJXUH  7KH IHPDOH
GHVFHQGDQWV RI  UHG IHPDOHV ZHUH DOO UHG EXW WKH
IHPDOH GHVFHQGDQWV RI  EOXH IHPDOHV ZHUH 
EOXHDQGUHG
Description of Immature Stages
,Q WKH ODERUDWRU\ IHPDOHV ODLG HJJV VLQJO\ RU LQ
VPDOO FOXVWHUV RI XS WR  HJJV JHQHUDOO\ RQ WKH
XQGHUVXUIDFH RI WKH VPRRWK OLG FRYHULQJ WKH WRS RI
WKH FDJH 7KH HJJV ZHUH WLJKWO\ DWWDFKHG WR WKH
VXEVWUDWH DQG ZKHQ WKH\ ZHUH ODLG LQ EDWFKHV WKH\
ZHUH QRW LQ FRQWDFW ZLWK RQH DQRWKHU 7KH HJJV
ZHUH XSULJKW DQG ZHUH KHPLVSKHULFDO LQ IRUP QR
VWDWLVWLFDO GLIIHUHQFH ZDV IRXQG EHWZHHQ WKH WZR
SHUSHQGLFXODU EDVH GLDPHWHUV W    S   
Q   DQG LWV KHLJKW ZDV RI    PP Q  
 ZKLFK UHSUHVHQWV  RI WKH EDVH GLDPHWHU
   PP Q    7KH HJJVKHOO ZDV VKLQ\
DQG OLJKW JUHHQ\HOORZLVK LQ FRORXU WXUQLQJ PRUH
\HOORZ DW WKH HQG RI LWV GHYHORSPHQW 7KH FKRULRQ
ZDV KH[DJRQDOO\ DQG SHQWDJRQDOO\ UHWLFXODWHG
H[FHSW IRU WKH PLFURS\ODU DUHD ZKLFK ZDV
URVHWWHOLNH DQG ZDV FRPSRVHG RI  Q    RU  Q
 SHWDORLGFHOOV)LJXUH
1HZO\ KDWFKHG ILUVW LQVWDU ODUYDH )LJXUH $ KDG
D PHDQ OHQJWK RI    PP Q    DQG D
FHSKDOLF FDSVXOH ZLGWK RI    PP Q  
 7KH JHQHUDO ERG\ FRORXU ZDV JUHHQLVK\HOORZ
ZLWK D JUHHQLVKZKLWH PLGGRUVDO ORQJLWXGLQDO
VWULSH IURP $ WR $ DEGRPLQDO VHJPHQWV 7KH
KHDG ZDV \HOORZ EXW WKH VWHPPD DQG PDQGLEOHV
ZHUH EODFN 7KH ERG\ RI ODUYDH ZDV FRYHUHG E\
FKDOD]DH EHDULQJ RQH ORQJ ILOLIRUP DQG GDUN
EURZQ VHWD H[FHSW IRU 7 DQG 7 WKDW KDYH WZR
GRUVDO SLQDFXOD HDFK EHDULQJ  VHWDH DQG 7 WKDW
LV FRYHUHG E\  DQWHULRU GRUVDO SLQDFXOD HDFK ZLWK
D VLQJOH VHWD :KHQ ODUYDH IHHG WKH WKRUD[ DQG WKH
DEGRPHQ WXUQ UHG H[FHSW IRU WKH WKRUDFLF VHJPHQW
7 WKDW LV \HOORZ ZLWK WKH DQWHULRU PDUJLQ
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VXUIDFH RI WKH ODVW DEGRPLQDO VHJPHQWV WKDW LV
UHGGLVK\HOORZ ,Q WKHVH IHG ODUYDH WKH PLGGRUVDO
$±$ ORQJLWXGLQDO VWULSH ZDV ZKLWH DQG WKH EDVH
RI WKH GRUVDO FKDOD]DH LQ WKHVH VHJPHQWV ZDV
UHGGLVKEURZQ ,Q WKH RWKHU VHJPHQWV WKH GRUVDO
DQWHULRU FKDOD]DH ZHUH ZKLWH ZKLOH WKH SRVWHULRUV
ZHUH EURZQ /HJV DQG SUROHJV ZHUH
UHGGLVK\HOORZ
6HFRQG LQVWDU ODUYDH )LJXUH % HDW WKH PRXOWHG
VNLQ DV PDQ\ RWKHU LQVWDUV GR 7KH\ KDG DQ
DYHUDJH OHQJWK RI    PP Q    LQ
OHQJWK DQG D FHSKDOLF FDSVXOH ZLGWK RI   
PP Q    7KH KHDG ZDV VLPLODU WR WKDW LQ WKH
ILUVW LQVWDU EXW ZLWK EURZQ HFG\VLDO VXWXUHV 7KH
PDLQ FKDQJH LQ WKLV LQVWDU ZDV WKH DSSHDUDQFH RI
YHUUXFDH FRYHULQJ WKH ERG\ LQVWHDG RI FKDOD]DH
DQG WKH DSSHDUDQFH RI RQH EODFN WXIW DW HDFK VLGH
RI WKH DQWHULRU PDUJLQ RI 7 DQG $ SRLQWLQJ
GLDJRQDOO\ IRUZDUGV DW 7 DQG GLDJRQDOO\
EDFNZDUGV RQ $ 7KH FRORXU RI WKH WKRUD[ YDULHG
LQGLYLGXDOO\ IURP UHGGLVK\HOORZ ZLWK UHG ULQJV
DURXQG YHUUXFDH WR D FRPSOHWHO\ UHG FRORUDWLRQ
$EGRPLQDO VHJPHQWV ZHUH UHG H[FHSW IRU $ DQG
$ ZKLFK ZHUH \HOORZ ZLWK UHG ULQJV DURXQG
YHUUXFDH DQG WKH PLGGRUVDO ZKLWH VWULSH $±$
6HJPHQWV $ DQG $ KDG D WKLQ PLGGRUVDO
ORQJLWXGLQDO \HOORZ OLQH 7KH ODWHUDO VXUIDFH ZDV
PDUNHG ZLWK D GLVFRQWLQXRXV VXEVSLUDFXODU
ORQJLWXGLQDO ZKLWH VWULSH H[WHQGLQJ IURP WKH
DQWHULRU PDUJLQ RI $ WR WKH DQWHULRU PDUJLQ RI
$ 7KH YHQWUDO VXUIDFH ZDV \HOORZ VFDWWHUHG ZLWK
D IHZ VFDWWHUHG UHG VSHFNOHV 7KH SUROHJV KDG D
VTXDUHEURZQVSRWRQLWVRXWHUVXUIDFH
7KLUG LQVWDU ODUYDH )LJXUH & KDG DQ DYHUDJH
OHQJWK RI    PP Q    DQG D FHSKDOLF FDSVXOH
ZLGWK RI    PP Q    7KH FRORXU
SDWWHUQ ZDV EDVLFDOO\ WKH VDPH DV WKH VHFRQG
LQVWDU EXW WXIWV ZHUH ORQJHU DQG RQH GDUN UHG
VXEGRUVDO VWULSH ZDV SUHVHQW RQ HDFK VLGH RI WKH
PLGGRUVDO ZKLWH VWULSH 7KHVH QHZ VWULSHV KDG WKH
VDPH H[WHQVLRQ RI WKH PLGGRUVDO VWULSH EXW ZHUH
WKLQQHU 7KHUH ZHUH VRPH LQGLYLGXDOV ZLWK \HOORZ
YHQWUDO DQG VXEYHQWUDO UHJLRQV DQG RWKHUV ZLWK
WKHVH UHJLRQV LQ SDOH UHG 7KH GLVFRQWLQXRXV
VXEVSLUDFXODU ORQJLWXGLQDO ZKLWH VWULSH H[WHQGHG
IURP WKH SRVWHULRU PDUJLQ RI $ WR WKH DQWHULRU
PDUJLQRI$
)RXUWK LQVWDU ODUYDH )LJXUH ' KDG DQ DYHUDJH
OHQJWK RI    PP Q    DQG D FHSKDOLF FDSVXOH
ZLGWK RI    PP Q    ,W ZDV YHU\
VLPLODU WR WKH WKLUG LQVWDU 7XIWV ZHUH ORQJHU DQG
WKH WZR VXEGRUVDO VWULSHV ZHUH GDUNHU WKDQ WKRVH
LQ WKH UG LQVWDU ODUYDH 7KH KHDG KDG JUHDW FRORXU
YDULDELOLW\ LQ VRPH LQGLYLGXDOV LW ZDV FRPSOHWHO\
RUDQJH ZKLOH LQ RWKHUV LW ZDV SDOH \HOORZ ZLWK
GLIIHUHQW GHJUHHV RI EODFN SLJPHQWDWLRQ WKDW FRXOG
EH RQO\ DURXQG VWHPPD RU PD\ H[WHQG WR WKH
ZKROH KHDG XS WR WKH HSLFUDQLDO VXWXUH 7KH ILUVW
DQWHQQDO VHJPHQW ZDV ZKLWH DQG WKH UHVW ZHUH
\HOORZ 7KH ODEUXP ZDV ZKLWH VSRWWHG 7KRUDFLF
VHJPHQWV DQG DEGRPLQDO $ DQG $ ZHUH \HOORZ
EXW WKH UHVW RI WKH VHJPHQWV ZHUH UHGEURZQLVK
7KH PLGGRUVDO ZKLWH VWULSH H[WHQGHG WR WKH
DQWHULRU SDUW RI $ EXW LW ZDV QDUURZHU LQ WKLV
VHJPHQW 0RVW RI WKH VHWDH ZHUH EODFN DQG WKH\
ZHUH PRUH DEXQGDQW LQ UHODWLRQ WR WKRVH SUHVHQW
LQWKHSUHYLRXVLQVWDU
)LIWK LQVWDU ODUYDH )LJXUH ( KDG DQ DYHUDJH
OHQJWK RI    PP 1  DQG D FHSKDOLF FDSVXOH
ZLGWK RI    PP Q    7KH KHDG ZDV
EODFN ZLWK EURZQ VXWXUHV DQG GDUN EURZQ VWHPPD
EXW WKH FO\SHXV DQG WKH ODEUXP ZHUH ZKLWH
VSRWWHG 7KH WKRUD[ ZDV GDUN \HOORZ H[FHSW IRU 7
DQG WKH LQWHUVHJPHQWDO VSDFH 7$ ZKLFK ZHUH
EODFN 0RVW RI WKH DEGRPLQDO VHJPHQWV ZHUH
UHGGLVKEURZQ H[FHSW IRU $ DQG $ ZKLFK ZHUH
EODFN DQG $ $ DQG $ ZKLFK ZHUH
UHGGLVK\HOORZ 7ZR ORQJLWXGLQDO DQG
GLVFRQWLQXRXV EURZQ OLQHV ZHUH SUHVHQW RQH DW
ERWK VLGHV RI WKH PLGGRUVDO OLQH DQG LQFOXGHG
ZLWKLQ WKH PLGGRUVDO ZKLWH VWULSH JLYLQJ WKH
DSSHDUDQFH RI WZR GDVKHG EURZQ OLQHV ZLWKLQ WKH
ZKLWH PLGGRUVDO VWULSH 7KH GDUN UHG VXEGRUVDO
VWULSHV WXUQHG GDUNHU DQG ZLGHU DQG H[WHQGHG XS
WR $ 7KH DQWHULRU YHUUXFDH IURP $ WR $ KDG
QXPHURXV ZKLWH VHWDH 7KH VHWDH RI 7 7 $
DQG $ ZHUH ORQJHU WKDQ WKH VHWDH RI WKH RWKHU
VHJPHQWV
6L[WK LQVWDU ODUYDH )LJXUH ) KDG DQ DYHUDJH
OHQJWK RI    PP 1  DQG D FHSKDOLF
FDSVXOH ZLGWK RI    PP Q    7KH
QXPEHU RI VHWDH ZDV QRWDEO\ LQFUHDVHG DQG WXIWV
GLVDSSHDUHG 7KRVH WKDW LQ WKH SUHYLRXV LQVWDUV
ZHUH ZKLWH ZHUH RUDQJH\HOORZLVK 6HJPHQWV $
DQG $ PD\ KDYH GLIIHUHQW GHJUHHV RI EODFN
SLJPHQWDWLRQ YDU\LQJ IURP RQO\ D IHZ EODFN VSRWV
WR FRPSOHWHO\ EODFN 7KH UHVW RI WKH VHJPHQWV
PDLQWDLQHG WKH VDPH JHQHUDO FRORXU SDWWHUQ RI WKH
SUHYLRXVLQVWDU
7KH VHYHQWK LQVWDU )LJXUH * KDG DQ DYHUDJH
OHQJWK RI    PP Q    DQG D FHSKDOLF
FDSVXOH ZLGWK RI    PP Q    7KH
KHDG ZDV EODFN ZLWK EURZQ VXWXUHV H[FHSW IRU WKH
DGIURQWDO VXWXUH WKDW ZDV EODFN 0RXWK SLHFHV
ODEUXP DQG DQWHQQD ZHUH VLPLODU WR WKRVH LQ ILIWK
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LQVWDU ODUYDH 7KH WKRUDFLF VHJPHQW 7 ZDV
FRPSOHWHO\ SDOH \HOORZ EXW 7 DQG 7 KDG RQH
WUDQVYHUVH EODFN EDQG 7KH ILUVW DEGRPLQDO
VHJPHQW ZDV EODFN ZLWK RQH GHQVH DQG VKRUW EODFN
WXIW YHUULFXOHIRUP DW HDFK ODWHUDO VLGH SRLQWLQJ
EDFNZDUG WKHVH VWUXFWXUHV ZHUH DOVR SUHVHQW LQ
$ 7KH PLGGRUVDO ORQJLWXGLQDO ZKLWH VWULSH WKDW
ZDV SUHVHQW LQ DOO SUHYLRXV LQVWDUV ZDV ODFNLQJ
)URP $ WR $ WKH WKRUDFLF FRORXU SDWWHUQ
LQYHUWHG LQWHUVHJPHQWDO VSDFHV ZHUH EODFN DQG
WKH WUDQVYHUVH EDQG ZDV GDUN \HOORZ EXW
LQGLYLGXDO YDULDWLRQ ZDV KLJK LQ VRPH FDVHV WKH
\HOORZ FRORU RQO\ VXUURXQGV DQG FRORUV WKH
YHUUXFDH DQG WKHUH DUH EODFN VSDFHV EHWZHHQ
YHUUXFDH ZKLOH LQ RWKHU LQGLYLGXDOV WKH EODFN
H[WHQGHG RYHU WKH ZKROH DUHD 7KH DEGRPLQDO
VHJPHQWV $ DQG $ ZHUH EODFN ZLWK GDUN \HOORZ
DURXQG YHUUXFDH EXW VRPH LQGLYLGXDOV FRXOG KDYH
WKLV VHJPHQW HQWLUHO\ EODFN )URP VHJPHQWV $ WR
$ WKH GRUVDO FRORUDWLRQ ZDV EODFN /DWHUDO
FRORUDWLRQ ZDV PDUNHG E\ WKH GLVFRQWLQXRXV
VXEHVSLUDFXODU ORQJLWXGLQDO VWULSH ZKLFK ZDV SDOH
\HOORZ LQ WKLV LQVWDU %HORZ DQG DERYH WKLV VWULSH
WKH FRORUDWLRQ ZDV SDOH RUDQJH H[FHSW IRU $ DQG
$ ZKLFK ZHUH EODFN DERYH WKH VWULSH 7KH YHQWUDO
VXUIDFH ZDV DVK\ \HOORZ /HJV DQG SUROHJV ZHUH
GDUN \HOORZ DQG FURFKHWV ZHUH EURZQ DQG
DUUDQJHG LQ D KHWHURLGHRXV PHVRVHULHV 7KHUH
ZHUH WZR EODFN YHQWUDO YHUUXFDH RQ $ 'RUVDO
YHUUXFDH ZHUH GHQVH DQG UHGGLVKEURZQ LQ WKRVH
VHJPHQWV ZLWK GDUN \HOORZ FRORUDWLRQ DQG EODFN LQ
WKRVH ZLWK EODFN FRORUDWLRQ 7KHUH ZHUH DOVR D IHZ
ZKLWH VHWDH VFDWWHUHG WKURXJKRXW WKH ERG\ 2Q WKH
FHQWUDO YHUUXFDH RI 7 DQG 7 WKHUH ZDV RQH ZKLWH
VHWDH ORQJHU WKDQ WKH UHVW DQG SRLQWLQJ IRUZDUG
6SLUDFOHV ZHUH SDOH EURZQ ZLWK WKH ERUGHU DQG
FHQWUDO DUHDV EODFN 6RPH LQGLYLGXDOV KDG D PRUH
RUDQJH ERG\ 7 DQG $ ZHUH RUDQJH LQVWHDG RI
EODFNDQGZLWKPRUHRUDQJHVHWDHWKDQEODFN
,Q WKH SUHSXSDO VWDJH WKH PDWXUH ODUYDH VWRSHG
IHHGLQJ DQG EHJDQ WR VHDUFK IRU D VLWH WR SXSDWH ,W
WKHQ VKUDQN DQG GHWDFKHG WKH VHWDH DQG EHJDQ WKH
FRQVWUXFWLRQ RI D FRFRRQ ZLWK VLON DQG LWV VHWDH
7KLV SURFHVV ODVWHG DERXW WZR GD\V 7KH GHQXGHG
ODUYD KDG D OLJKW \HOORZ FRORXU ZKLFK ZDV
FRQVHUYHG GXULQJ PHWDPRUSKRVLV DQG DW WKH
EHJLQQLQJRIWKHSXSDOVWDJH
7KH SXSD ZDV REWHFW DQG HQFORVHG LQ D WKLQ IOLPV\
DQG GDUN FRFRRQ FRPSRVHG RI WKH EURNHQ RII VHWDH
RI WKH FDWHUSLOODU )LJXUH $ 3XSDH ZHLJKW ZDV
   PJ Q    ZLWK D OHQJWK RI    PP
Q    DQG D ZLGWK RI    PP Q    ,W KDG
D VKLQ\ UHGGLVKEURZQ VXUIDFH )LJXUH % ZLWK
RQO\ D IHZ EODFN VSRWV EXW ODWHU LQ GHYHORSPHQW LW
KDG GDUN LUUHJXODU VSRWV DOO RYHU WKH ERG\ 7KH
VXUIDFH ZDV FRYHUHG ZLWK D IHZ VHWDH DORQJ WKH
ODWHUDO OLQH QHDU WKH VSLUDFOHV RYHU WKH GRUVXP RI
WKH KHDG QHDU WKH DQWHQQDV DQG WKHUH ZDV DOVR D
OLQH RI VHWDH RQ ERWK VLGHV RI WKH DQWHULRU UHJLRQ RI
WKH SURWKRUD[ DQG D IHZ VFDWWHUHG VHWDH RYHU WKH
PHVRWKRUD[ 7KHUH ZHUH PRGHUDWHO\ GHQVH
SXQFWXUHV RQ DEGRPLQDO VHJPHQWV H[FHSW IRU WKH
]RQH QHDUE\ WKH DQDO DQG JHQLWDO UHJLRQV DV ZHOO DV
LQ WKH ]RQH VXUURXQGLQJ WKH SRVWHULRU PDUJLQ RI
WKH DEGRPLQDO VHJPHQWV 7KH VSLUDFOHV DQG WKH
GLYLVLRQ OLQHV RI WKH GLIIHUHQW SDUWV RI WKH ERG\
ZHUH EODFN $W YHQWUDO YLHZ WKH SRVWHULRU ZLQJ
HGJH UHDFK WKH $ VHJPHQW /DELDO SDOSV ZHUH
VKRUW DQG WULDQJXODU 7KH IHPXU RI SURWKRUDFLF
OHJV ZHUH QRW YLVLEOH 0HVRWKRUDFLF OHJV GLG QRW
PHHW PLGYHQWUDOO\ )ODQJHG SODWHV ZHUH DEVHQW
7KH FUHPDVWHU ZDV ZHDN DQG LW ZDV FRPSRVHG RI D




Host Plant and Immature Stages
7R RXU NQRZOHGJH S. diversifolia LV WKH ILUVW UHSRUW
RI D KRVW SODQW IRU P. capistrata 7KH GDWDEDVHV
+2676 5RELQVRQ HW DO  GLVFXVVHG E\
5RELQVRQ  DQG -DQ]HQ DQG +DOOZDFKV
 GR QRW UHJLVWHU DQ\ KRVW SODQW UHFRUG IRU P.
capistrata +RZHYHU +2676 GRHV UHFRUG
Manihot esculenta &UDQW] (XSKRUELDFHDH DV WKH
KRVW SODQW IRU 3hoenicoprocta sanguinea
:DONHU ZKLFK LV WKH VDPH KRVWSODQW UHSRUWHG E\
)RUEHV  IRU Phoenicoprocta vacillans
'UXU\ Phoenicoprocta VSHFLHV UHFRUGHG LQ
-DQ]HQ DQG +DOOZDFKV GDWDEDVH DUH WKH
SRO\SKDJRXV FDWHUSLOODUV Phoenicoprocta
paucipuncta '\DU DQG Phoenicoprocta
biseriatum VWLOO Cosmosoma biseriatum 6FKDXV
ERWK ZHUH UHSRUWHG WR IHHG RQ )DEDFHDH
0DOSLJKLDFHDH DQG 0HOLDFHDH VSHFLHV
Cosmosoma biseriatum LV EHLQJ UHYLVHG EHFDXVH
LW SRVVLEO\ EHORQJV WR WKH JHQXV Phoenicoprocta
'DQLHO -DQ]HQ 'HSDUWPHQW RI %LRORJ\
8QLYHUVLW\ RI 3HQQV\OYDQLD SHUVRQDO
FRPPXQLFDWLRQ ,W LV LQWHUHVWLQJ WKDW WKLV VSHFLHV
DOVR IHHGV RQ Serjania atrolineata :ULJKW
6DSLQGDFHDH D VSHFLHV EHORQJLQJ WR WKH VDPH
JHQXV RI WKH KRVW SODQW UHSRUWHG LQ WKLV DUWLFOH IRU
P. capistrata 2WKHU DUFWLLG VSHFLHV RI WKH UHODWHG
JHQXV Cosmosoma KDYH EHHQ DOVR UHSRUWHG WR
IHHG RQ Serjania VSHFLHV -DQ]HQ DQG +DOOZDFKV
 Serjania KRVWSODQWV DUH LQWHUHVWLQJ OLQNLQJ
IDFWRUV WKDW FRXOG EH KHOSIXO WR FODULI\ WKH
WD[RQRPLF VWDWXV RI WKH VSHFLHV LQVLGH WKH JHQHUD
Phoenicoprocta DQG Cosmosoma DQG LW FRXOG EH
XVHIXO IRU GLVFXVVLQJ SK\ORJHQHWLF DSSURDFKHV RQ
WKH FRPSOH[ UHODWLRQVKLSV LQVLGH WKH $UFWLLGDH
IDPLO\
Phoenicoprocta VSHFLHV QHHG FRPSOHWH UHYLVLRQ
DQG VRPH VSHFLHV FRXOG FKDQJH WKHLU FXUUHQW
WD[RQRPLF VWDWXV 7KH DGXOWV RI P. capistrata
)DEULFLXV  KDYH DOZD\V EHHQ LGHQWLILHG DV
VXFK LQ &XED DQG LW LV WKH RQO\ Phoenicoprocta
VSHFLHV UHFRUGHG VR IDU IRU WKLV WHUULWRU\ ,WV
FKDUDFWHULVWLFV ILW LQWR WKH )DEULFLXV 
GHVFULSWLRQ IRU P. capistrata ZKLFK ZH KDYH
FRQVXOWHG DQG E\ ZKLFK ZH KDYH LGHQWLILHG WKH
DGXOWV VSHFLPHQV XVHG LQ RXU H[SHULPHQWV ,Q
RUGHU WR DYRLG IXWXUH FRQIXVLRQ GXH WR WD[RQRPLF
FKDQJHV YRXFKHU VSHFLPHQV RI WKH P. capistrata
DGXOWV DQG LWV LPPDWXUH VWDJHV XVHG LQ WKLV
UHVHDUFK KDYH EHHQ SODFHG LQ WKH LQVHFW FROOHFWLRQ
DW WKH )DFXOWDG GH %LRORJtD GH OD 8QLYHUVLGDG GH
/D+DEDQD
,Q JHQHUDO WKH PRUSKRORJ\ RI WKH LPPDWXUH
VWDJHV RI P. capistrata LV VLPLODU WR WKDW RI RWKHU
DUFWLLGV DQG LW ILWV LQWR WKH JHQHUDO DUFWLLG SDWWHUQ
GHVFULEHG E\ 6WHKU  DQG 6FREOH  2QH
RI WKH PRVW LQWHUHVWLQJ DVSHFWV LQ WKH DQDWRP\ RI
P. capistrata ODUYDH LV WKH RFFXUUHQFH RI GLIIHUHQW
W\SHV RI VHWDH DUUDQJHPHQWV ZKLFK DSSHDU LQ
GLIIHUHQW ODUYDO LQVWDUV 7KH ILUVW LQVWDU LV RQO\
FRYHUHG E\ FKDOD]DH EHDULQJ RQH ORQJ ILOLIRUP VHWD
DQG SLQDFXOXPV EHDULQJ  RU  VHWDH 7KH
LQWHUPHGLDWH LQVWDUV DUH PDLQO\ FRYHUHG E\
YHUUXFDH DQG WXIWV $ GLDJQRVWLF FKDUDFWHU RI WKH
ODVW LQVWDU LV WKH SUHVHQFH RI WZR GHQVH DQG EODFN
YHUULFOHV LQ WKH ILUVW DQG VHYHQWK DEGRPLQDO
VHJPHQWV
Life Cycle
&RQVLGHULQJ WKDW ZH SUHVHQW KHUH W\SLFDO YDULDWLRQ
LQ WHPSRUDO WUDLWV RI WKH OLIH F\FOH QRW XQGHU
FRQWUROOHG DELRWLF FRQGLWLRQV FRPSDULQJ WKHVH
UHVXOWV ZLWK RWKHUV VKRXOG EH GRQH ZLWK FDXWLRQ
/LIH F\FOH WUDLWV RI OHSLGRSWHUDQV DUH SODVWLF 7LPH
DQG VL]H WUDLWV DUH DIIHFWHG E\ WHPSHUDWXUH
SKRWRSHULRG KXPLGLW\ GLHW GHQVLW\ DQG KRVW
TXDOLW\ 1\OLQ DQG *RWWKDUG  7KH OLIH F\FOH
VWXG\ GHVFULEHG KHUH ZDV IRU LQVHFWV LQ D
ODERUDWRU\ FXOWXUH EXW DELRWLF FRQGLWLRQV DQG
GHQVLW\ RI LQGLYLGXDOV ZDV QRW FRQWUROOHG DV
DELRWLF FRQGLWLRQV ZHUH DOORZHG WR QDWXUDOO\
IOXFWXDWH DV LV W\SLFDO RI WKH WUDQVLWLRQ WKURXJK
WKH PRQWKV RI 'HFHPEHU WR )HEUXDU\ LQ +DYDQD
&LW\ 7KHVH PRQWKV DUH WKH FROGHVW DQG GULHVW LQ
&XED EXW ZLWK GDLO\ GUDVWLF FKDQJHV 'XULQJ WKH
PRQWKV RI WKLV VWXG\ D YDULDWLRQ LQ WHPSHUDWXUH
DERXW  &  & PLQLPXP ï &
PD[LPXP DQG DERXW  LQ UHODWLYH KXPLGLW\
± ZHUH UHFRUGHG 7KLV WHPSHUDWXUH
GLIIHUHQFH FDXVHV D YDULDWLRQ RI  GD\V LQ WKH
GXUDWLRQ RI HPEU\RQLF GHYHORSPHQW LQ DQRWKHU
OHSLGRSWHUDQ HJJ LQ D VWXG\ WKDW ZDV FDUULHG RXW
XQGHU FRQWUROOHG WHPSHUDWXUHV +DQVHQ HW DO
 7KH WHPSRUDO YDULDWLRQV LQ RXU VWXG\ FRXOG
EH WKH UHVXOW RI WKH XQFRQWUROOHG DELRWLF DQG ELRWLF
FRQGLWLRQV ZKLFK SUREDEO\ VLPXODWH WKH QDWXUDO
YDULDWLRQV RI D K\SRWKHWLFDO QDWXUDO P. capistrata
SRSXODWLRQ GXULQJ WKHVH PRQWKV 7KH IDFW WKDW
PDOH SXSDO GHYHORSPHQW ZDV IRXQG WR EH ORQJHU
WKDQ GHYHORSPHQW RI WKH IHPDOH KDV DOVR EHHQ
UHSRUWHG IRU RWKHU DUFWLLGV 2WD]R HW DO 
%HW]KROW]
,Q WKLV VWXG\ WKH QXPEHU RI ODUYDO LQVWDUV   RU
PRUH YDULHG 7KHUH FDQ EH XS WR  LQVWDUV LQ
LQGLYLGXDOV RI RQH FRKRUW VXEMHFWHG WR WKH VDPH
YDULDEOH FRQGLWLRQV RI WKLV VWXG\ XQSXEOLVKHG
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH GDWD 7KH QXPEHU RI ODUYDO LQVWDUV IRU DUFWLLGV KDV
EHHQ VWDWHG WR EH DV ORZ DV  DQG DV KLJK DV  IRU
GLIIHUHQW VSHFLHV %UDWOH\  7RUUH  2WD]R
HW DO  %HW]KROW]  *RPL HW DO  EXW
DOZD\V ZLWK RQO\ WZR DOWHUQDWLYHV 0RVW ODUYDH RI
P. capistrata GHYHORSHG WKURXJK  RU  LQVWDUV
ZKLFK DUH LQVLGH WKH UDQJH VWDWHG IRU DUFWLLGV EXW
VRPH ODUYDH GHYHORSHG WKURXJK  RU  LQVWDUV 7KH
QXPEHU RI PRXOWV XQGHUJRQH E\ LQVHFWV LV DIIHFWHG
E\ GLHW TXDOLW\ DQG TXDQWLW\ WHPSHUDWXUH
KXPLGLW\ SKRWRSHULRG DQG DOVR E\ VH[ 6ZHHWPDQ
DQG :KLWWHPRUH  :LJJOHVZRUWK  'DO\
 +XWFKLQVRQ HW DO  :H GLG QRW GHVLJQ D
VSHFLILF H[SHULPHQW WR HYDOXDWH WKH GLIIHUHQW
IDFWRUV DIIHFWLQJ ODUYDO PRXOWV LQ P. capistrata
+RZHYHU ZH FDQ QRW VD\ WKDW VH[ LV WKH FDXVH RI
WKH GLIIHUHQW DOWHUQDWLYHV EHFDXVH IHPDOHV FRXOG
KDYH  RU  LQVWDUV $OVR DOO ODUYDH ZHUH VXEMHFWHG
WR WKH VDPH YDULDEOH WHPSHUDWXUH KXPLGLW\ DQG
QDWXUDO SKRWRSHULRG /DUYDH ZHUH IHG ZLWK WKH
VDPH KRVW SODQW VSHFLHV VR WKDW WKH GLHW TXDOLW\
ZDV WKH VDPH IRU DOO ODUYDH %XW WKH GLHW TXDQWLW\
LV RQH RI WKH IDFWRUV WKDW FRXOG FDXVH WKH SODVWLFLW\
LQ WKH QXPEHU RI LQVWDUV $OWKRXJK WKH GDLO\
DPRXQW RI IRRG ZDV PD[LPL]HG ODUYDO GHQVLW\
YDULHG IURP  WR  ODUYDH SHU 3HWUL GLVK $V D UHVXOW
ODUYDO FRPSHWLWLRQ IRU IRRG YDULHG FRQVLGHUDEO\ $
JHQHWLF IDFWRU LV DOVR SRVVLEOH 7KH TXHVWLRQV
DERXW ZKLFK IDFWRUV DIIHFW WKH QXPEHU RI ODUYDO
LQVWDUV LQ P. capistrata, DQG KRZ WKH QXPEHU
YDULHVEHWZHHQWKHLQGLYLGXDOVUHPDLQRSHQV
2QH RI WKH PRVW LQWULJXLQJ UHVXOWV LQ WKLV VWXG\ LV
WKH IDFW WKDW QR PDWWHU WKH QXPEHU RI LQVWDUV D
ODUYD KDV LW ILQLVKHV LWV GHYHORSPHQW ZLWK D
FHSKDOLF FDSVXOH ZLGWK RI DERXW  PP :H FRXOG
YHULI\ WKH VDPH SDWWHUQ LQ ODUYDH ZLWK  DQG 
LQVWDUV XQSXEOLVKHG GDWD 7KH FHSKDOLF FDSVXOH
ZLGWK VKRZV D JHRPHWULF SURJUHVVLRQ SDWWHUQ RI
JURZWK FRQVLVWHQW ZLWK '\DU¶V UXOH '\DU 
ZLWK DQ XSSHU OLPLW RI DERXW  PP EXW ZLWK
GLIIHUHQW JURZWK DOWHUQDWLYHV LQ LQVWDU QXPEHU
7KHQ D TXHVWLRQ DULVHV ZKDW GHWHUPLQHV WKH
FRQVWDQW OLPLW RI WKH JUHDWHVW FHSKDOLF FDSVXOH
ZLGWK LQ WKH ODUYDH RI WKLV VSHFLHV" ,W LV NQRZQ
WKDW LQ KRORPHWDEROXV LQVHFWV WKHUH LV D WKUHVKROG
VL]H ZKLFK GHWHUPLQHV WKDW D SDUWLFXODU LQVWDU LV
WKH ODVW 1LMKRXW  DQG ZLWKLQ WKLV ODVW LQVWDU
D FULWLFDO ZHLJKW GHWHUPLQHV ZKHQ WKH
PHWDPRUSKRVLV ODUYDSXSD RFFXUV '¶$PLFR HW DO
 1LMKRXW  VWDWHG WKDW WKHUH LV D VWURQJ
SRVLWLYH QRQOLQHDU UHODWLRQVKLS EHWZHHQ WKH KHDG
FDSVXOH ZLGWK RI WKH ODVW ODUYDO LQVWDU DQG WKH
FULWLFDO ZHLJKW ,W VHHPV WKDW LQ P. capistrata
ODUYDH WKH FULWLFDO ZHLJKW FDQ RQO\ EH UHDFKHG
ZLWK D FHSKDOLF FDSVXOH ZLGWK RI DERXW  PP
ZKLFK FRXOG FRQVWLWXWH WKH WKUHVKROG VL]H LQ WKLV
VSHFLHV
P. capistrata DGXOWV KDYH D FRSXODWLRQ GXUDWLRQ RI
DERXW  PLQXWHV ZKLFK LV ORQJ LQ FRPSDULVRQ
ZLWK WKH FRSXOD RI DQRWKHU DUFWLLG PRWK
Empyreuma pugione / WKDW RQO\ ODVWV 
PLQXWHV 2WD]R HW DO  %XW LW LV QRW DV ORQJ DV
WKH FRSXOD RI WKH DUFWLLG PRWK Utetheisa ornatrix
/ WKDW FRXOG ODVW  WR  PLQXWHV
/D0XQ\RQ DQG (LVQHU   &RSXODWLRQ
GXUDWLRQ LV D PXOWLIDFWRU FRPSOH[ WUDLW WKDW YDULHV
EHWZHHQ VSHFLHV DQG LQGLYLGXDOV )DFWRUV DIIHFWLQJ
FRSXODWLRQ GXUDWLRQ FDQ EH FDWHJRUL]HG DV
LQGHSHQGHQW DQG GHSHQGHQW RI WKH UHSURGXFWLYH
VWUDWHJ\ RI PDOHV DQG IHPDOHV 7HPSHUDWXUH 6FRWW
 DQG ERG\ VL]H /D0XQ\RQ DQG (LVQHU 
&KDUQRY DQG 3DUNHU  3DUNHU HW DO  DUH
WZR VXFK IDFWRUV 7KHVH IDFWRUV DIIHFW WKH
PLQLPXP WLPH UHTXLUHG IRU WKH VXFFHVVIXO
WUDQVIHU RI VSHUP GXULQJ FRSXOD EXW WKHUH LV
HYLGHQFH WKDW WKH VSHUPDWRSKRUH LV SDVVHG HDUO\
LQ WKH FRSXOD SHULRG LQ OHSLGRSWHUDQV 6KLHOGV DQG
(PPHO  'LIIHUHQFHV EHWZHHQ VSHFLHV LQ WKH
WRWDO FRSXODWLRQ GXUDWLRQ LV LQGXFHG PRUH E\
WKRVH IDFWRUV GHSHQGHQW RQ WKH UHSURGXFWLYH
VWUDWHJ\ DQG IHUWLOL]DWLRQ VXFFHVV RI ERWK VH[HV IRU
HDFK DUFWLLG VSHFLHV )RU H[DPSOH &KDUQRY DQG
3DUNHU  VXJJHVW WKDW FRSXODWLRQ GXUDWLRQ
LQFUHDVHV ZLWK WKH WLPH WR ILQG D IHPDOH WR PDWH
ZLWK $QRWKHU FULWHULD LV WKDW DFURVV VSHFLHV WKH
HYROXWLRQDU\ VWDEOH HMDFXODWH H[SHQGLWXUH
WKHUHIRUH WKH FRSXODWLRQ GXUDWLRQ VKRXOG
LQFUHDVH ERWK ZLWK WKH ULVN RI VSHUP FRPSHWLWLRQ
WKH DYHUDJH SUREDELOLW\ WKDW WKH IHPDOHV LQ WKH
SRSXODWLRQ ZLOO PDWH ZLWK PRUH WKDQ RQH PDOH RU
WKH SRO\DQGU\ OHYHO DQG WKH LQWHQVLW\ RI WKH
VSHUP FRPSHWLWLRQ WKH DYHUDJH QXPEHU RI PDOHV
FRPSHWLQJ IRU D JLYHQ VHW RI RYD reviewed
in3DUNHU  ,W LV GLIILFXOW WR HYDOXDWH KRZ
WKHVH IDFWRUV DIIHFW FRSXODWLRQ GXUDWLRQ LQ DUFWLLG
VSHFLHV ZLWKRXW D FOHDU SDQRUDPD RI WKHLU
UHSURGXFWLYH VWUDWHJ\ )RXU PDLQ K\SRWKHVHV KDYH
EHHQ GHVLJQHG WR H[SODLQ WKH DGDSWLYH VLJQLILFDQFH
RI SURORQJHG FRSXODWLRQV WKH VSHUP UHPRYDO
K\SRWKHVLV FU\SWLF IHPDOH FKRLFH K\SRWKHVLV
VSHUP ORDGLQJ K\SRWKHVLV DQG LQFRSXOD JXDUGLQJ
K\SRWKHVLV all summarized in*DUFtD*RQ]DOH]
DQG *RPHQGLR  7KH LQFRSXOD JXDUGLQJ
K\SRWKHVLV VXJJHVWV WKDW UHPDLQLQJ LQ FRSXOD PD\
IXQFWLRQ DV DQ H[WUHPH IRUP RI PDWH JXDUGLQJ LI LW
SUHYHQWV WKH IHPDOH IURP UHPDWLQJ EHIRUH
RYLSRVLWLRQ $OFRFN  WKXV SRVVLEO\ UHGXFLQJ
RU DYRLGLQJ VSHUP FRPSHWLWLRQ IURP IXWXUH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH HMDFXODWHV 7KLV FRXOG EH WKH UHDVRQ ZK\ P.
capistrata KDV ORQJHU FRSXODWLRQ GXUDWLRQ WKDQ
H[SHFWHG E\ LWV VL]H LI LW LV FRPSDUHG ZLWK WKH
VKRUWHU FRSXODWLRQ GXUDWLRQ DQG ELJJHU VL]H RI
Empyreuma pugione $QDO\VLV RI WKH
UHSURGXFWLYH VWUDWHJLHV RI PDOHV DQG IHPDOHV RI
WKHVH VSHFLHV LV QHFHVVDU\ WR XQGHUVWDQG WKHVH
UHODWLRQVKLSV
$OWKRXJK WKH QXPEHU RI IHPDOHV ZKRVH SURJHQ\
ZDV DQDO\]HG LQ UHODWLRQ WR IHPDOH PRUSK
SURSRUWLRQ LV VWLOO ORZ VRPH HYLGHQFH ZDV
SUHVHQWHG IRU GHSHQGHQFH RI WKH FRORXU RI IHPDOH
SURJHQLWRU DQG WKH PRUSK SURSRUWLRQ RI LWV IHPDOH
GHVFHQGDQWV 7KLV FRXOG LQGLFDWH WKDW WKLV
SRO\PRUSKLVP LQ WKH IHPDOHV KDV D KLJK JHQHWLF
FRPSRQHQW WKDW VXJJHVWV WKDW LW LV D FDVH RI
IHPDOHOLPLWHG JHQHWLF SRO\PRUSKLVP 7KLV W\SH
RI SRO\PRUSKLVP KDV UHFHLYHG VRPH DWWHQWLRQ LQ
EXWWHUIOLHV &ODUNH HW DO  &RRN HW DO 
1LHOVHQ DQG :DWW  EXW QRW LQ PRWKV )XUWKHU
H[SHULPHQWV DUH QHHGHG WR GHWHUPLQH WKH JHQHWLF
DQG HYROXWLRQDU\ FDXVHV RI WKLV SRO\PRUSKLVP LQ
P. capistrata
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